Preamble and Transition to ACC/AHA Guidelines to Reduce Cardiovascular Risk
The goals of the American College of Cardiology (ACC) and the American Heart Association (AHA) are to prevent cardiovascular diseases (CVD); improve the management of people who have these diseases through professional education and research; and develop guidelines, standards, and policies that promote optimal patient care and cardiovascular health. Toward these objectives, the ACC and AHA have collaborated with the National Heart, Lung, and Blood Institute (NHLBI) and stakeholder and professional organizations to develop clinical practice guidelines for assessment of cardiovascular risk, lifestyle modifications to reduce cardiovascular risk, management of blood cholesterol in adults, and management of overweight and obesity in adults.
In 2008, the NHLBI initiated these guidelines by sponsoring rigorous systematic evidence reviews for each topic by expert panels convened to develop critical questions (CQs), interpret the evidence, and craft recommendations. In response to the 2011 report from the Institute of Medicine on the development of trustworthy clinical guidelines (1) , the NHLBI Advisory Council recommended that the NHLBI focus specifically on reviewing the highest-quality evidence and partner with other organizations to develop recommendations (2, 3) . Accordingly, in June 2013 the NHLBI initiated collaboration with the ACC and AHA to work with other organizations to complete and publish the 4 guidelines noted above and make them available to the widest possible constituency. Recognizing that the Expert Work Group/Work Groups did not consider evidence beyond 2011 (except as specified in the methodology), the ACC, AHA, and collaborating societies plan to begin updating these guidelines starting in 2014.
The joint ACC/AHA Task Force on Practice Guidelines (Task Force) appointed a subcommittee to shepherd this transition, communicate the rationale and expectations to the writing panels and partnering organizations, and expeditiously publish the documents. The ACC/ AHA and partner organizations recruited a limited number of expert reviewers for fiduciary examination of content, recognizing that each document had undergone extensive peer review by representatives of the NHLBI 1. Introduction
Organization of the Work Group
The Risk Assessment Work Group (Work Group) was composed of 11 members and 5 ex-officio members, including internists, cardiologists, endocrinologists, and experts in cardiovascular epidemiology, biostatistics, healthcare management and economics, and guideline development.
Document Review and Approval
A formal peer review process, which included 12 expert reviewers and representatives of federal agencies, was initially completed under the auspices of the NHLBI. This document was also reviewed by 3 expert reviewers nominated by the ACC and the AHA when the management of the guideline transitioned to the ACC/AHA. The ACC and AHA Reviewers' RWI information is published in this document (Appendix 2).
This document was approved for publication by the governing bodies of the ACC and AHA and endorsed by the American Association of Cardiovascular and Pulmonary Rehabilitation, American Society for Preventive Cardiology, American Society of Hypertension, Association of Black Cardiologists, National Lipid Association, Preventive Cardiovascular Nurses Association, and WomenHeart: The National Coalition for Women With Heart Disease.
Charge to the Work Group
The Work Group was 1 of 3 work groups appointed by the NHLBI to develop its own recommendations and provide cross-cutting input to 3 Panels for updating guidelines on blood cholesterol, blood pressure (BP), and overweight/ obesity. The Work Group was asked to examine the scientific evidence on risk assessment for initial ASCVD events and to develop an approach for quantitative risk assessment that could be used in practice and used or adapted by the risk factor panels (blood cholesterol, hypertension, and obesity) in their guidelines and algorithms. Specifically, the Work Group was charged with 2 tasks: 1. To develop or recommend an approach to quantitative risk assessment that could be used to guide care; and 2. To use systematic review methodology to pose and address a small number of questions judged to be critical to refining and adopting risk assessment in clinical practice.
Methodology and Evidence Review
This guideline is based on the Full Work Group Report supplement, which is provided as a supplement to the guideline. The Full Work Group Report supplement contains background and additional material related to content, methodology, evidence synthesis, rationale, and references and is supported by the NHLBI Systematic Evidence Review, which can be found at (http://www. nhlbi.nih.gov/guidelines/cvd_adult/risk_assessment/). These documents also describe the process for the development of novel, comprehensive multivariable risk equations for the prediction of 10-year risk of development of ASCVD in non-Hispanic African-American and non-Hispanic white men and women from 40 to 79 years of age. These equations were developed from several long-standing population-based cohort studies funded by the NHLBI. Tenyear risk was defined as the risk of developing a first ASCVD event, defined as nonfatal myocardial infarction or coronary heart disease (CHD) death or fatal or nonfatal stroke, over a 10-year period among people free from ASCVD at the beginning of the period. In addition, through evaluation of evidence developed by systematic reviews of the literature, the Work Group addressed the following 2 CQs: CQ1. "What is the evidence with regard to reclassification or contribution to risk assessment when high-sensitivity C-reactive protein (hs-CRP), apolipoprotein B (ApoB), glomerular filtration rate, microalbuminuria, family history, cardiorespiratory fitness, ankle-brachial index (ABI), carotid intimamedia thickness (CIMT), or coronary artery calcium (CAC) score is considered in addition to the variables that are in the traditional risk scores?" CQ2. "Are models constructed to assess the longterm ( ‡15 years or lifetime) risk of a first cardiovascular disease (CVD) event in adults effective in assessing variation in long-term risk among adults at low and/or intermediate short-term risk, whether analyzed separately or in combination?"
The evidence and recommendations in the guideline focus on the large proportion of the adult population without clinical signs or symptoms of ASCVD who merit evaluation for the primary prevention of ASCVD. They do not apply to those with clinically manifest ASCVD, who require secondary prevention approaches, or to highly-selected patient subgroups, such as those with symptoms suggestive of CVD, who require diagnostic strategies rather than risk assessment. Furthermore, these recommendations were not developed Low *In some cases, other evidence, such as large all-or-none case series (e.g., jumping from airplanes or tall structures), can represent high-or moderate-quality evidence. In such cases, the rationale for the evidence rating exception should be explained by the Work Group and clearly justified. y"Well-designed, well-executed" refers to studies that directly address the question; use adequate randomization, blinding, and allocation concealment; are adequately powered; use intention-to-treat analyses; and have high follow-up rates. zLimitations include concerns with the design and execution of a study that result in decreased confidence in the true estimate of the effect. Examples of such limitations include but are not limited to: inadequate randomization, lack of blinding of study participants or outcome assessors, inadequate power, outcomes of interest that are not prespecified for the primary outcomes, low follow-up rates, and findings based on subgroup analyses. Whether the limitations are considered minor or major is based on the number and severity of flaws in design or execution. Rules for determining whether the limitations are considered minor or major and how they will affect rating of the individual studies will be developed collaboratively with the methodology team. xNonrandomized controlled studies refer to intervention studies where assignment to intervention and comparison groups is not random (e.g., quasi-experimental study design). kObservational studies include prospective and retrospective cohort, case-control, and crosssectional studies. NHLBI indicates National Heart, Lung, and Blood Institute; and RCT, randomized controlled trials. 
Strong recommendation
There is high certainty based on evidence that the net benefity is substantial.
B

Moderate recommendation
There is moderate certainty based on evidence that the net benefit is moderate to substantial, or there is high certainty that the net benefit is moderate.
C
Weak recommendation
There is at least moderate certainty based on evidence that there is a small net benefit.
D
Recommendation against
There is at least moderate certainty based on evidence that there is no net benefit or that risks/harms outweigh benefits.
E Expert opinion ("There is insufficient evidence or evidence is unclear or conflicting, but this is what the Work Group recommends.") Net benefit is unclear. Balance of benefits and harms cannot be determined because of no evidence, insufficient evidence, unclear evidence, or conflicting evidence, but the Work Group thought it was important to provide clinical guidance and make a recommendation. Further research is recommended in this area.
N
No recommendation for or against ("There is insufficient evidence or evidence is unclear or conflicting.") Net benefit is unclear. Balance of benefits and harms cannot be determined because of no evidence, insufficient evidence, unclear evidence, or conflicting evidence, and the Work Group thought no recommendation should be made. Further research is recommended in this area.
*In most cases, the strength of the recommendation should be closely aligned with the quality of the evidence; however, under some circumstances, there may be valid reasons for making recommendations that are not closely aligned with the quality of the evidence (e.g., strong recommendation when the evidence quality is moderate, such as smoking cessation to reduce cardiovascular disease risk or ordering an ECG as part of the initial diagnostic work-up for a patient presenting with possible MI). Those situations should be limited and the rationale explained clearly by the Work Group. yNet benefit is defined as benefits minus risks/harms of the service/intervention. ECG indicates electrocardiogram; MI, myocardial infarction; and NHLBI, National Heart, Lung, and Blood Institute.
for use in specific subgroups of asymptomatic individuals at unusually high risk, such as those with genetically determined extreme values of traditional risk factors (e.g., patients with familial hypercholesterolemia).
Risk Assessment: Recommendations
See Table 4 for a summary of the recommendations for risk assessment.
Approach to Risk Assessment
In addressing its charge, the Work Group recognized the need for a risk assessment approach that was based on the types of data that primary care providers could easily collect and that could be implemented in routine clinical practice. After deliberation, the Work Group endorsed the existing and widely used paradigm of matching the intensity of preventive efforts with the individual's absolute risk (23, 24) . The Work Group acknowledges that none of the risk assessment tools or novel risk markers examined in the present document have been formally evaluated in randomized controlled trials of screening strategies with clinical events as outcomes. Nevertheless, this approach balances an understanding of an individual's absolute risk of CVD and potential treatment benefits against the potential absolute risks for harm from therapy. With the use of this framework, treatment can be targeted to those most likely to benefit without undue risk of harm, in the context of a "risk discussion." A risk discussion could include the assessment of the patient's risk of ASCVD, as well as potential benefits, negative aspects, risks, and patient preferences with regard to initiation of relevant preventive therapies. By its nature, such an approach requires a platform for reliable quantitative estimation of absolute risk based on data from representative population samples. It is important to note that risk estimation is based on group averages, which are then applied to individual patients in practice. This process is admittedly imperfect; no one has 10% or 20% of a heart attack during a 10-year period. Individuals with the same estimated risk will either have or not have the event of interest, and only those patients 
Assessment of 30-year or lifetime ASCVD risk on the basis of traditional
risk factorsz may be considered in adults 20-59 years of age who are free from ASCVD and are not at high short-term risk. who are destined to have an event can have their event prevented by therapy. The criticism of the riskestimation approach to treatment decision making also applies to the alternative, and much less efficient approach, of checking the patient's characteristics against numerous and complex inclusion and exclusion criteria for a potentially large number of pertinent trials. Only a small fraction of trial participants have events, and only a fraction of these events are prevented by therapy. Using either approach, the clinician must apply the average results obtained from groups of patients to the individual patient in practice.
Given the modification and adoption of the Framingham 10-year risk score for CHD risk assessment by the Third Report of the National Cholesterol Education Program Expert Work Group on Diagnosis, Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel III) (24) and the uptake of this algorithm by practice sites across the United States, the Work Group began by discussing the value of retaining this algorithm. In collaboration with other NHLBI panels, the Work Group decided not to use this algorithm in its 2013 recommendations because of the algorithm's derivation in an exclusively white sample population and the limited scope of the outcome (in determining CHD alone). Rather, the Work Group derived risk equations from community-based cohorts that are broadly representative of the U.S. population of whites and African Americans, and the Work Group focused on estimation of first hard ASCVD events (defined as first occurrence of nonfatal myocardial infarction, CHD death, or fatal or nonfatal stroke) as the outcome of interest because they were deemed to be of greater relevance to both patients and providers. The focus on hard ASCVD, rather than CHD alone, is also consistent with evidence reviewed in a statement from the AHA and American Stroke Association calling for the inclusion of ischemic stroke in the outcome of interest for CVD risk assessment (25) .
Numerous multivariable risk scores and equations have been derived and published (Appendix 6; for more details, see the Full Work Group Report supplement). As part of its deliberations, the Work Group considered previously published risk scores with validation in NHLBI cohort data as one possible approach. However, several persistent concerns with existing risk equations were identified, including nonrepresentative or historically dated populations, limited ethnic diversity, narrowly defined endpoints, endpoints influenced by provider preferences (e.g., elective revascularizations), and endpoints with poor reliability (e.g., angina and heart failure). Given the inherent limitations of existing scores, the Work Group judged that a new risk score was needed to address some of the deficiencies of existing scoresdfor example, the need for a population sample that approaches, to the degree possible, the ideal sample for algorithm development and closely represents the U.S. population.
Data are sparse on the use and impact of absolute risk scores in clinical practice in primary-prevention settings (26) . Two systematic reviews, based on few studies, support the conclusion that risk assessment, combined with counseling, is associated with favorable but modest changes in patient knowledge and intention to change and in provider prescribing behavior and risk factor control (27, 28) . No data are available on hard event outcomes. The Work Group specifically calls for research in this area (Section 8).
The Work Group notes that the 2009 ACCF/AHA Performance Measures for the Primary Prevention of Cardiovascular Disease in Adults specifically recommended use of global CVD risk estimation in clinical practice (29) . Likewise, the U.S. Preventive Services Task Force recommendations for aspirin (30) , the NHLBI Adult Treatment Panel III recommendations (24) , and European (31) and Canadian (32, 33) guidelines for primary prevention of CVD, among others, have all recommended the use of absolute risk assessment for decision making about the intensity of lifestyle and pharmacological preventive interventions. Risk scores have been implemented in practice through paper scoring sheets and, increasingly, through Web sites and downloadable applications. The electronic medical record can be adapted to estimate absolute risks automatically by using patient data and published equations, and it is anticipated that risk estimation with this technology will become a mainstream application of the current and future risk algorithms.
Development of New Pooled Cohort ASCVD Risk Equations
Having made the decision to develop new equations to estimate the 10-year risk of developing a first ASCVD event, the Work Group used the best available data from community-based cohorts of adults, with adjudicated endpoints for CHD death, nonfatal myocardial infarction, and fatal or nonfatal stroke. Cohorts that included African-American or white participants with at least 12 years of follow-up were included. Data from other racial/ethnic groups were insufficient, precluding their inclusion in the final analyses. The final pooled cohorts included participants from several large, racially and geographically diverse, modern NHLBI-sponsored cohort studies, including the ARIC (Atherosclerosis Risk in Communities) study (8) , the Cardiovascular Health Study (5) , and the CARDIA (Coronary Artery Risk Development in Young Adults) study (7) , combined with applicable data from the Framingham Original and Offspring Study cohorts (4, 6) .
The Work Group used state-of-the-art statistical methods to derive and internally validate the Pooled Cohort Equations, which provide sex-and race-specific estimates of the 10-year risk of ASCVD for African-American and white men and women 40 to 79 years of age. The variables JACC Vol. 63, No. 25, 2014 Goff et al. An expanded description of the derivation and validation of the Pooled Cohort Equations, as well as the means for implementing them in clinical practice, is provided in Appendix 7. Additional details are provided in the Full Work Group Report supplement. A specific clinical vignette is also provided as an example in Appendix 7. In the clinical vignette, the 10-year risk is calculated for a patient 55 years of age who is a nonsmoker without diabetes, and with total cholesterol level of 213 mg/dL, highdensity lipoprotein cholesterol level of 50 mg/dL, and untreated systolic BP of 120 mm Hg. With these values used in the Pooled Cohort Equations, the predicted 10year ASCVD risks are 2.1% for white women, 3.0% for African-American women, 5.3% for white men, and 6.1% for African-American men.
Numerous other potential risk markers were considered for inclusion in the Pooled Cohort Equations: for many, no additional utility was demonstrated when they were included; for others, data are insufficient at the present time to determine their additional value. The equations were also assessed in external validation studies with data from other available cohorts. Other than the Framingham CHD risk score (and its derivative ATP III risk assessment profile) and the European SCORE (System for Cardiac Operative Risk Evaluation) algorithm for CVD death, these equations have been subjected to more rigorous validation than other currently available equations, and they are the only risk assessment equations that include significant numbers of African Americans and that focus on estimation of 10-year risk of the clinically relevant endpoint of ASCVD. The Work Group specifically calls for further research to develop similar equations applicable to other ethnic groups, to validate the utility of the Pooled Cohort Equations in diverse primary-prevention settings, and to assess the potential benefit of novel risk markers when added to these equations, so that the equations maybe modified or expanded over time as new data become available. 
Implications for Risk Assessment
A range of estimated 10-year risk of a first hard ASCVD event is illustrated in the Full Work Group Report supplement (Tables 8 through 11 ), across a broad range of risk factor burdens for selected combinations of the risk factors in sex-race groups (African-American and white women and men). The estimated risks are specific to defined combinations of the risk factors and demonstrate how they vary over a broad spectrum of potential profiles. Risk factor levels that are more adverse than those shown in these tables should always be associated with a higher estimated risk. For example, if a given risk factor combination indicates an estimated 10-year risk of hard ASCVD of 8%, but a patient has a higher level of systolic BP or total cholesterol, or a lower level of high-density lipoprotein cholesterol, than shown for that table cell, then the estimated risk would be !8%. Because the estimated probabilities can become unstable when approaching the limits of the sample data, the risk probabilities are truncated at 1% and 30%. The proportions of the U.S. adult population, 40 to 79 years of age, in selected strata of estimated 10-year risk of hard ASCVD events, are shown overall and by sex and race/ethnicity in Table 5 . When compared with non-Hispanic whites, estimated 10-year risk of ASCVD is generally lower in Hispanic-American and Asian-American populations and higher in American-Indian populations (34, 35) ; hence, the lack of race/ethnicity-specific risk algorithms is an important gap in our efforts to understand and prevent ASCVD in these populations. Although the development of algorithms specific to these racial/ ethnic groups is encouraged, in the interim, providers may consider using the equations for non-Hispanic whites for these patients. When doing so, the estimated risks may be overestimates, especially for Hispanic and Asian Americans. *Ten-year risk was defined as the risk of developing a first ASCVD event, defined as nonfatal myocardial infarction, CHD death, or fatal or nonfatal stroke, over a 10-year period among people free from ASCVD at the beginning of the period. "What is the evidence with regard to reclassification or contribution to risk assessment when hs-CRP, ApoB, glomerular filtration rate, microalbuminuria, family history, cardiorespiratory fitness, ABI, CAC, or CIMT is considered in addition to the variables that are in the traditional risk scores?"
The concept of matching the intensity of risk factor management to the estimated risk of CVD has been well established since the 27th Bethesda Conference in 1996 (23) . As a consequence, widespread attention has focused on the accuracy and reliability of risk assessment. Claims that a minority of the risk of CVD can be explained by the major traditional risk factors or that most patients presenting with CHD have no elevated traditional risk factors have been disproved (36, 37) . Nonetheless, the desire to improve existing quantitative risk-estimation tools has CQ1 was developed to address whether newer risk markers have been identified that actually improve risk assessment enough to warrant routine measurement in clinical practice. This question applies to risk assessment in the general populationdthat is, the typical asymptomatic adult in routine clinical practice. This question does not address other highly selected patient subgroups, such as those with symptoms suggestive of CVD.
CQ1 was addressed through 2 independent approaches. First, in the process of developing the Pooled Cohort Equations, the additional risk markers listed in CQ1 were tested for inclusion in the model if they were available in the databases and could be evaluated on the basis of at least 10 years of follow-up. A review of metaanalyses and systematic reviews published before September 19, 2013, was conducted in 2 stages. In the first stage, meta-analyses and systematic reviews published before April 2011 were identified and reviewed. In a second stage, conducted to update the evidence base before publication, additional meta-analyses and systematic reviews published before September 19, 2013, were identified and reviewed against the same criteria applied in the first stage. The reliance on published meta-analyses to evaluate novel biomarkers is a conservative approach that helps avoid the influence of positive publication bias that can occur early in the evaluation of a novel association and assures that we relied on a mature body of evidence (38) .
Members of the Work Group proposed an initial list of novel risk markers for inclusion in CQ1, which was then prioritized during several rounds of discussion. In selecting the final list, the Work Group gave priority to factors that have engendered substantial discussion in the scientific community and that could be reasonably considered as potentially feasible for widespread population use by primary care providers in routine clinical settings in the United States. In these deliberations, the Work Group considered availability, cost, assay reliability, and risks of the test or downstream testing. The final list of new risk markers to be evaluated included several blood and urine biomarkers (hs-CRP, ApoB, creatinine [or estimated glomerular filtration rate], and microalbuminuria), several measures of subclinical cardiovascular disease (CAC, CIMT, and ABI), family history, and cardiorespiratory fitness. Other novel potential screening tools maybe the subject of future guideline updates. Guidance published by Hlatky et al (39) was considered during discussion of the utility of incorporating these new risk factors into routine risk assessment. Special attention was given to the additional value these markers contributed to risk assessment in terms of discrimination, calibration, reclassification, and cost-effectiveness, in the context of any potential harm.
Summary of Systematic Reviews and Meta-Analyses for CQ1
Thirteen systematic review articles or meta-analyses met the inclusion/exclusion criteria (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (40) (41) (42) . Publication dates ranged from 2008 to 2013. The Work Group reviewed the 13 systematic reviews and meta-analyses and created a table to list their key findings (Appendix 4). None of these markers has been evaluated as a screening test in randomized controlled trials with clinical events as outcomes. On the basis of current (limited) evidence, it is the opinion of the Work Group that among the novel risk markers, assessments of family history of premature CVD, as well as measurement of hs-CRP, CAC, and ABI, show some promise for clinical utility. Table 6 provides expert opinion on thresholds of these measures that may be considered for clinical decision making.
The Work Group notes that the review by Peters et al. (16) provides evidence to support the contention that measuring CAC is likely to be the most useful of the current approaches to improving risk assessment among individuals found to be at intermediate risk after formal risk assessment. Furthermore, the Work Group recognizes that the "2010 ACCF/AHA Guideline for Assessment of Cardiovascular Risk in Asymptomatic Adults" made recommendations for CAC testing (43) . However, the Work Group notes that the outcomes in the studies reviewed by Peters et al. (16) and by Greenland et al. (43) were CHD outcomes, not hard ASCVD events that included stroke; hence, uncertainty remains about the contribution of CAC assessment to estimation of 10-year risk of first hard ASCVD events after formal risk assessment with the new Pooled Cohort Equations. Furthermore, issues of cost and radiation exposure related to measuring CAC were discussed, resulting in some uncertainty about potential risks of more widespread screening, which resulted in a decision in the present guideline to make assessment of CAC an ACC/AHA COR IIb recommendation among individuals for whom a risk-based treatment decision is uncertain after formal risk estimation. The Work Group notes that this ACC/AHA COR IIb recommendation is consistent with the recommendations in the 2010 ACCF/AHA guideline (43) for patients with a 10-year CHD risk of <10%, as well as for many other patients, because of the lower risk threshold (7.5% 10-year risk of a first hard ASCVD event) adopted by the "2013 ACC/ AHA Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular Risk in Adults" (44) for recommending initiation of statin therapy for ASCVD risk reduction. Furthermore, it was noted that measurement of ApoB, albuminuria, glomerular filtration rate, or cardiorespiratory fitness is of uncertain value. Finally, the Work Group judged that the evidence provided by Den Ruijter et al. (18) , reviewed during the ACC/AHA update period, in combination with the concerns about measurement quality, provided sufficient rationale to recommend against measuring CIMT in routine clinical practice for risk assessment for a first ASCVD event. If any of the 9 markers considered in the present report is assessed in selected patients, the use of the information to guide treatment decisions will require sound clinician judgment and should be based on shared decision making.
Recommendations for CQ1: Use of Newer Risk Markers After Quantitative Risk Assessment
Recommendation 1. If, after quantitative risk assessment, a risk-based treatment decision is uncertain, assessment of 1 or more of the followingdfamily history, hs-CRP, CAC score, or ABIdmay be considered to inform treatment decision making. Younger men (typically <50 years of age) and most women have low (e.g., <5% or <10%) predicted 10-year risks of CHD and more broad CVD outcomes, even in the presence of significant risk factor burden (45, 46) . However, extensive epidemiological, pathological, and basic science data indicate that the development of atherosclerosis, the precursor of ASCVD, occurs over decades and is related to long-term and cumulative exposure to causal, modifiable risk factors. Thus, a life-course perspective on risk assessment and prevention must be taken, especially among younger individuals. The primary value of risk factor measurement and quantitative long-term risk estimation in younger adults is 2-fold: first, to identify risk in individuals with extreme values of risk factors (e.g., familial hypercholesterolemia); and second, to provide risk information and context for the potential benefits of lifestyle modification. When posing CQ2, the Work Group did not anticipate that long-term or lifetime risk would replace 10-year risk assessment as the foundation for absolute risk assessment and clinical decision making. Rather, longer-term risk estimates, if found to be useful, could provide adjunctive information for risk communication.
CQ2 was developed to assess the utility of long-term and lifetime risk assessment as an adjunct to short-term (10-year) risk assessment. It was recognized that there is little "disconnect" with regard to approaches to prevention when the 10-year risk estimate is high (e.g., >10% predicted 10-year risk); such patients merit intensive prevention efforts and should be considered for drug therapy to reduce or modify adverse levels of causal risk factors. CQ2 was selected for evaluation to determine whether quantitative or semiquantitative long-term risk assessment would provide differential information that could be useful in risk communication, specifically to patients estimated to be at lower short-term risk. However, it is unclear what the long-term predicted and observed risks for CHD and CVD are among individuals who are at low predicted 10-year risk. CQ2 was designed to identify studies that assessed both short-and long-term risk, focusing in particular on those studies that provide long-term outcomes data for groups predicted to be at low 10-year risk. If a sufficiently large proportion of the population is at high long-term risk despite being at low short-term risk, then incorporating long-term risk assessment into routine clinical practice might have value for informing risk discussions with patients and guiding therapeutic lifestyle counseling and other aspects of care.
Summary of Evidence for CQ2
Ten studies that met inclusion/exclusion criteria were identified by the systematic review performed in April (19) (20) (21) (22) (47) (48) (49) (50) (51) (52) . Publication dates ranged from 1999 to 2009. All of the studies were observational. On the basis of these studies, 7 evidence statements were adopted (Appendix 5).
Multiple sources provided consistent evidence for the associations of traditional risk factors with events occurring during both short-term and long-term follow-up. The important associations are best represented and understood in the context of multivariable risk equations that reliably predict absolute risk of ASCVD events. In addition, most of these risk factors are both causal and modifiable, which indicates their central clinical importance for ASCVD prevention efforts. Given the additional evidence suggesting improved risk prediction with updated clinical covariates, the Work Group makes the following recommendations.
Recommendations for CQ2:
Long-Term Risk Assessment Recommendation 1. It is reasonable to assess traditional ASCVD risk factors* every 4 to 6 years in adults 20 to 79 years of age who are free from ASCVD and to estimate 10-year ASCVD risk every 4 to 6 years in adults 40 to 79 years of age who are free from ASCVD. Evidence was not found on the utility of lifetime risk assessment for guiding pharmacological therapy decisions, and the Work Group judged that long-term and lifetime risk information may be used more appropriately at this time to motivate therapeutic lifestyle change in younger individuals. This perspective influenced the choice of age 20 years as the starting point for long-term risk assessment, despite a threshold of age 40 years for short-term 10-year ASCVD risk assessment.
Long-term and lifetime risk estimation may be less valuable for individuals who are found to be at high shortterm (10-year) risk according to multivariable equations, for whom decisions about prevention efforts may be clear. However, an understanding of long-term risk may provide a means of encouraging adherence to lifestyle or pharmacological therapies, especially for patients who might have difficulty understanding the importance of their short-term risk. Likewise, for older individuals or those with limited life expectancy, clinical considerations should dictate the intensity of risk assessment and prevention efforts.
Implementation Considerations for Risk Assessment
A suggested approach for incorporating these recommendations into clinical practice is shown in Figure 1 . For patients 20 to 79 years of age who are free from clinical ASCVD, the first step is to assess ASCVD risk factors. Although it is reasonable to assess ASCVD risk factors in individuals younger or older than this age range, limitations of available data prevented the development of robust risk assessment algorithms in those populations. Hence, for patients outside this age range, providers should refer to applicable clinical practice guidelines (i.e., pediatric (53) and adult primary prevention guidelines (44, 54, 56) . Risk assessment should be repeated every 4 to 6 years in persons who are found to be at low 10-year risk (<7.5%). Beginning at age 40 years, formal estimation of the absolute 10-year risk of ASCVD is recommended (20, 21) . Longterm or lifetime risk estimation is recommended for all persons who are between 20 and 39 years of age and for those between 40 and 59 years of age who are determined to be at low 10-year risk (<7.5%). As shown in Figure 1 , all patients should receive applicable risk information and appropriate lifestyle counseling. The 10-year risk estimates provided by the new Pooled Cohort Equations differ from those generated by the Adult Treatment Panel III algorithm in several respects (24) , as discussed in detail in the Full Work Group Report supplement. To summarize, on the basis of the risk estimation algorithm recommended by Adult Treatment Panel III, approximately 31.9% of the ASCVD-free, nonpregnant U.S. population between 40 and 79 years of age have a 10-year risk of a first hard CHD event of at least 10% or have diabetes. On the basis of the new Pooled Cohort Equations described here, approximately 32.9% have a 10-year risk of a first hard ASCVD of at least 7.5%. The outcomes and thresholds of these 2 approaches are different, but the overlap of these 2 means of defining high-risk groups is substantial, at roughly 75%. Nonetheless, these important differences make simple linear conversions imprecise. We recommend that healthcare organizations convert to these new Pooled Cohort Equations as soon as practical (Appendix 7). A web-based application enabling estimation of 10-year and lifetime risk of ASCVD is available at http:// my.americanheart.org/cvriskcalculator and http://www. cardiosource.org/en/Science-And-Quality/Practice-Guidelinesand-Quality-Standards/2013-Prevention-Guideline-Tools. aspx.
Evidence Gaps and Future Research Needs
The Work Group strongly recommends continued research to fill gaps in knowledge about short-and longterm ASCVD risk assessment and outcomes in all racial/ ethnic groups, across the age spectrum, and in women and men. Future research should include analyses of short-and long-term risk in diverse groups, optimal communication of ASCVD risk information, utility of short-and longterm risk assessment for motivating behavioral change and adherence to therapy, utility of short-and long-term risk assessment for influencing risk factor levels and clinical outcomes, utility of differential information conveyed by short-and long-term risk assessment, and utility of novel risk markers in short-and long-term risk assessment.
Conclusions
The Work Group's approach to risk assessment represents a step forward in ASCVD prevention that is large enough to justify the challenges inherent in implementing a new approach, rather than staying with the CHD risk assessment approach recommended previously. The final recommendations are summarized in Table 4 and Figure 1 . Two major advantages of this approach are the ability to estimate risk for a broader-based ASCVD outcome that is more relevant to additional segments of the population, including women and African Americans, and the ability to provide risk estimates specific to African Americans. Promotion of lifetime risk estimation may represent an additional step forward in supporting lifestyle behavior change counseling efforts. Periodic updates of the guidelines should address numerous issues related to risk assessment. (12) hs-CRP, CAC, CIMT, ABI With regard to risk assessment for major CHD, the authors concluded that, "The current evidence does not support the routine use of any of the 9 risk factors for further risk stratification of intermediate-risk persons." The 9 risk factors examined were: hs-CRP, CAC score as measured by electron-beam computed tomography, lipoprotein (a) level, homocysteine level, leukocyte count, fasting blood glucose, periodontal disease, ABI, and CIMT. hs-CRP was associated with CHD and led to some reclassification. The authors cite the JUPITER results to support the conclusion that hs-CRP testing may be useful in intermediate-risk patients to drive statin therapy. The Work Group recognizes that more recent individual study results have been published. Updated systematic reviews addressing discrimination, calibration, reclassification, and cost issues in the context of the newer ASCVD risk assessment model proposed in the present document are needed. CAC was associated with CHD and with some reclassification, but the size and value of this reclassification are uncertain. The document provides little evidence with regard to discrimination, calibration, and cost-effectiveness. The Work Group also is concerned about radiation and incidental findings. The Work Group recognizes that more recent individual study results have been published. Updated systematic reviews addressing discrimination, calibration, reclassification, cost, and safety issues in the context of the newer ASCVD risk assessment model proposed in the present document are needed. CIMT was associated with CHD, but the document provides little evidence for reclassification, discrimination, calibration, and cost-effectiveness. The Work Group also has concerns about measurement issues. Standardization of CIMT measurement is a major challenge. The Work Group recognizes that more recent individual study results have been published. Updated systematic reviews addressing discrimination, calibration, reclassification, cost, and measurement (standardization) issues in the context of the newer ASCVD risk assessment model proposed in this document are needed. ABI was associated with CHD and some reclassification, but the size and value of this reclassification are uncertain. Evidence suggests some improvement in discrimination, but the document provides little evidence with regard to calibration and cost-effectiveness. The Work Group members are uncertain whether more recent individual study results have been published relevant to ABI. Updated systematic reviews addressing discrimination, calibration, reclassification, and cost issues in the context of the newer ASCVD risk assessment model proposed in this document are needed.
Emerging Risk Factors
Collaboration (13) hs-CRP "CRP concentration has continuous associations with the risk for coronary heart disease, ischaemic stroke, vascular mortality, and death from several cancers and lung disease that are each of broadly similar size. The relevance of CRP to such a range of disorders is unclear. Associations with ischaemic vascular disease depend considerably on conventional risk factors and other markers of inflammation." hs-CRP is associated with risk of CVD. This analysis did not directly assess value in risk prediction. No additional evidence was provided for discrimination, calibration, reclassification, or cost-effectiveness.
4
Schnell-Inderst et al., 2010 (17) hs-CRP For MI and cardiovascular mortality, "Adding hs-CRP to traditional risk factors improves risk prediction, but the clinical relevance and cost-effectiveness of this improvement remain unclear." Absolute differences in C-statistics between models including and not including hs-CRP ranged from 0.00 to 0.027. Some evidence was provided to support the cost-effectiveness of hs-CRP testing in some modeling scenarios, characterized by intermediate-and higher-risk populations and lower-cost (generic) statins of at least moderate efficacy.
Emerging Risk Factors
Collaboration (40) ApoB This article provided evidence of rough equivalence of associations of CVD with non-HDL-C and ApoB after multivariable adjustment (including HDL-C). See Figure 1 for CHD and the text for stroke. By inference, this finding means there would be rough equivalence between ApoB and total cholesterol with similar adjustment. 
ApoB
ApoB was more strongly related to risk of ASCVD than either non-HDL-C or LDL-C in a substitution model that also included HDL-C. No evidence was presented pertinent to an addition model in which ApoB might be added to a model that included total cholesterol, LDL-C, or non-HDL-C. Additional models are the type of model of interest to this question. By inference, these results maymean that ApoB is more strongly related to risk than is total cholesterol. This article did not address directly the value of adding ApoB to a model with traditional risk factors. No information was presented for discrimination, calibration, reclassification, or cost. The relative risks evaluated in the meta-analysis were adjusted for various sets of covariates in the various primary reports, and the adjustments were judged to be incomplete. Furthermore, studies of varying designs and quality were included, leaving the Work Group members concerned about the validity of the evidence. Better cardiorespiratory fitness was associated with lower risk of all-cause mortality and CHD/CVD. According to the sensitivity analyses in Table 2 , evidence of association was weaker for CHD/CVD, but still significant, when based on studies with more complete adjustment for other risk factors. The utility of assessing cardiorespiratory fitness in risk prediction was not assessed (discrimination, calibration, reclassification, and cost).
Continued on the next page JACC Vol. 63, No. 25, 2014 Goff et al. (4, 6) . A total of 11,240 white women (who experienced 902 hard ASCVD events), 9,098 white men (1,259 hard ASCVD events), 2,641 African-American women (290 hard ASCVD events), and 1,647 African-American men (238 hard ASCVD events) who met the following criteria were included: 40 to 79 years of age, apparently healthy, and free of a previous history of nonfatal myocardial infarction (recognized or unrecognized), stroke, heart failure, percutaneous coronary intervention, coronary artery bypass surgery, or atrial fibrillation. Data from the included participants were used to develop sex-and race-specific equations to predict 10-year risk of a first hard ASCVD event. Because of the growing health burden of heart failure, the Work Group examined the possibility of including heart failure as an outcome. However, study-bystudy ascertainment and adjudication of heart failure varied considerably, and therefore heart failure could not be included as an outcome. Because of known substantial geographic variation in use (Dartmouth Atlas of Healthcare, http://www.dartmouthatlas.org/), self-selection, and physician recommendation biases (64), coronary revascularization was also not included as an endpoint.
The Pooled Cohort Equations for estimating ASCVD were developed from sex-and race-specific proportionalhazards models that included the covariates of age, treated or untreated systolic BP level, total cholesterol and highdensity lipoprotein cholesterol levels, current smoking status (yes/no), and history of diabetes (yes/no). A variable representing lipid treatment was considered but not retained in the final model because lipid therapy was relatively uncommon in the cohorts and statistical significance was lacking. Baseline characteristics of the participants included in the equation derivation model are shown in the Full Work Group Report Data supplement, as are details of the methods used to derive, evaluate, and validate (internally and externally) the resulting risk equations and their potential limitations. In summary, discrimination and calibration of the models were very good. C-statistics ranged from a low of 0.713 (African-American men) to a high of 0.818 (African-American women). Calibration chisquare statistics ranged from a low of 4.86 (non-Hispanic white men) to a high of 7.25 (African-American women). The coefficients for the equations for calculating an estimate of an individual's 10-year risk of a first hard ASCVD event are provided in Table A , along with examples based on a specific risk profile for each race-sex group. The stepby-step process for estimating the risk in the specific examples of Table A is provided in Table B . These 2 tables are intended to enable programmers to integrate these equations into electronic health records.
The Work Group also considered the inclusion of additional and novel risk markers in the risk equations. On the basis of the availability of data across cohorts at applicable examination cycles, additional risk markers were evaluated for potential inclusion if they improved model performance within the framework of Hlatky et al (39) . The additional risk markers that were evaluated included diastolic BP, family history of ASCVD, moderate or severe chronic kidney disease (defined as an estimated glomerular filtration rate of <60 mL/min per 1.73 m 2 ) (65), and body mass index (continuous or categorical). None of these variables significantly improved discrimination for 10-year hard ASCVD risk prediction when added to the final base models. Other risk markers (hs-CRP, ApoB, microalbuminuria, cardiorespiratory fitness, CAC score, CIMT, and ABI) could not be evaluated in creating this new model because of absence of data or lack of inclusion in the appropriate examination cycle of 1 or more of the studies. Therefore, these and the other risk markers were addressed in CQ1 as potential adjuncts to quantitative risk estimation.
Further research using state-of-the art statistical techniques (including net reclassification improvement and integrative discrimination index [66] ) is needed to examine the utility of novel biomarkers when added to these new Pooled Cohort Equations in different populations and patient subgroups. Randomized clinical trials demonstrating the utility of screening with novel risk markers would represent the best evidence for their inclusion in future risk assessment algorithms. In the absence of evidence from trials, methodologically rigorous observational studies should be conducted to evaluate utility. *Defined as first occurrence of nonfatal myocardial infarction or CHD death, or fatal or nonfatal stroke. yCoefficient Â Value: For age, lipids, and BP, defined as the natural log of the value multiplied by the parameter estimate. When an age interaction is present with lipids or BP, the natural log of age is multiplied by the natural log of the lipid or BP, and the result is multiplied by the parameter estimate. N/A indicates that that specific covariate was not included in the model for that sex-race group; d indicates that this value was not included in the example (e.g., this example used untreated systolic BP, not treated systolic BP). ASCVD indicates atherosclerotic cardiovascular disease; BP indicates blood pressure; CHD, coronary heart disease; HDL-C, high-density lipoprotein cholesterol; Ln, natural logarithm; and N/A, not included. 
